Nafion films incorporating cationic nickel complexes [Ni

II (acac)(R 4 en)]
+ (acac = acetylacetonato, R 4 en = tetraalkylethylenediamine) have been prepared that exhibit chromic behaviors in response to temperature changes and solvent molecules in the vapor and liquid phases. 10 Nafion is a perfluorinated ion-exchange polymer bearing a sulfonic group on the side-chain. To date, many studies have been conducted on its use in fuel cells, 1 sensors, 2 and catalytic reactions. 3 The sulfonic proton in the polymer can be replaced with metal ions and cationic molecules. Based on this, several 15 functional Nafion films containing metal complexes have been prepared, which exhibit catalytic activity, 4 spin-crossover phenomena, 5 vapoluminescence, 6 and electrocromism. 7 In this study, to prepare multifunctional films that exhibit thermochromic and solvatochromic properties, chromic metal (Fig. 1) . 8 Solutions of these Ni(II) complexes in solvents of moderate DN also exhibit thermochromism.
8c Recently, we prepared ionic liquids from these cationic complexes, which exhibit vapochromism and 30 physical property changes in response to vapor molecules. 9 In this paper, we report the preparation and properties of Nafion films incorporating [Ni(acac)(Me 3 Ren)] + (1: R = n Bu, 2: R = Me; Fig.  1 ), which show thermochromism, vapochromism, and solvatochromism. [1·3MeOH]-Nafion also exhibits thermochromism. The color of the film was light green at -20 °C, light brown at 20 °C, and orange at 70 °C (Fig. 2a) , and the color change was reversible below 80 °C ( †ESI, Fig. S1 ). The thermochromism is based on the coordination equilibrium of 1 in the film. The dependence of 60 the UV-vis spectra of [1·3MeOH]-Nafion on temperature is shown in Fig. 2b . The absorption maxima of the spectra at low temperatures (λ max = 640 and 1050 nm) and at high temperatures (λ max = 490 nm) are characteristic of the octahedral and squareplanar species of 1, respectively. 8c,9 As shown in the insert of Fig.   65 2b, the molar ratio of the latter species (x 4c ) increases above 0 °C. The thermochromism is tunable by ligand modification.
[2·3MeOH]-Nafion was blue at 20 °C and changed to red at around 70 °C ( †ESI, Fig. S2 ). The difference in color and the color change temperature range, as seen in the inset in The response of [1]-Nafion to mixed solvents was investigated to further reveal the effect of dilution of the high DN solvents (methanol or DMSO) with non-coordinating (DN = 0) solvents 20 (dichloromethane). The color of the film in a methanoldichloromethane mixture changed from light green to brown gradually as the methanol concentration decreased to 10%v/v, indicating a shift in the coordination equilibrium. In contrast, the color changed to light green in a DMSO-dichloromethane 25 mixture independent of DMSO concentration (100-10%v/v), which indicates that DMSO coordinates to the complex even in diluted solutions. However, the time required for the color change became longer with decreasing DMSO concentration, from a few minutes in DMSO, to 10 min in 50%v/v mixture, and 1 h in a 30 10%v/v mixture. This is ascribed to the less efficient expansion of the nano-pores in Nafion in a non-polar solvent.
11, 12 The film showed no response to 5% v/v solutions of methanol or DMSO in dichloromethane.
In investigations into the response and modification of the complexes will be the subject of future research.
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